Fluorescence depolarization of erythrocytes was measured to evaluate the increase in fluidity of cell membrane due to treatment with soy phospholipids , hydrogenated soy phospholipids, icosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) containing phospholipids . When the erythrocytes were treated with EPA or DHA containing phosphatidylethanolamine or phosphatidylserine , the least fluoresce nce polarization was observed , followed by EPA or DHA containing phosphatidyicholine. All of the hydrogenated phospholipids increased fluorescence depolarization . 2,4,6-Trinitrobenzenesulfonic acid fluorescence quenching proved that the phospholipids used for erythrocytes treatment are incorporated mainly into the inner layer of their cell membrane .
The therapeutic benefits of highly unsaturated fatty acids (HUFA) are increased when in the form of phospholipids (PL).1) HUFA containing PL (HUFA-PL) is also currently receiving considerable attention because of their novel physiological functions. Yazawa and his coworkers2, 3) showed that HUFA-PL decreases the amount of adipose tissue. Suzuki et al. 4) and Kohno et al.*1 showed that HUFA-PL have certain anticancer effects with retinoid. Some of these physiological functions of HUFA-PL might be extended because HUFA-PL increases the fluidity of the cell membrane by incorporation, thus making the receptors more susceptible.
The present study evaluates the effect of HUFA-PL treatment on cell membrane fluidity. Fluorescence depolari zation of erythrocytes was measured, since erythrocytes are easy to handle.
Materials and Methods

Materials
Soy phosphatidylcholine (PC) of 95% purity was obtained from Avanti Polar-Lipids Inc., (Alabaster, AL) and 5% Rh-Carbon from Kawaken Fine Chemical Co., Ltd. (Tokyo, Japan). Lysophosphatidylcholine (Lyso PC) and porcine pancreatic phospholipase A2 (protein content 38.8%) were donated by Kyowa Hakko Kogyo Ltd. (Tokyo, Japan), and lipozyme IM-60 by Novo Nordisk Bioindustries Inc. Phospholipase D was supplied by Toyo Jozo Co., Ltd. Icosapentaenoic acid (EPA, purity 90%) and docosahexaenoic acid (DHA, purity 88%) were supplied by Nippon Chemical Feed Ltd. (Hakodate, Japan). All other chemicals and solvents used were reagent grade.
Preparation of Hydrogenated and Highly Unsaturated Fatty Acid Con taining Phospholipids
The fatty acid composition of substrate lipids is shown in Table 1 . Soy PC of 95% purity was used as a control for the depolarization study . This soy PC was also used as a source for transphosphatidylation and hydrogenation in order to obtain various kinds of PL molecular species. Hydrogenation was achieved by blowing hydrogen gas directly into absolute ethanol solution under the catalytic reaction of 5% Rh-Carbon. Preparation of Erythrocytes A blood sample was drawn from a healthy man via venipuncture of an antecubital vein. One tenth volume of saturated EDTA solution (pH 7.4) was added to prevent coagulation. Erythrocytes were washed three times with 10 mM Na2HPO3, 125 mM NaCl (pH 7.4) phosphate-buffered saline (PBS), and the hematocrit value was adjusted to 1% (10,000 rpm, 10 min). Tables  1-5 for other abbreviations.
Results
Fluorescence Intensity of Erythrocytes Treated with Various Phospholipids Figure 1 compares the fluorescence intensity of various erythrocytes treated with DPH-PL. It is clear that of the PC, PE, and PS chemical forms, PS has the highest Abbreviations: sn-2 EPA-PC, EPA containing PC (at sn-2); sn-2 DHA-PC, DHA containing PC (at sn-2); sn-1 EPA-PC, EPA containing PC (at sn-1); Salmon roe PC, naturally occurring PC prepared from chum salmon roe; LPC, lyso phosphatidylcholine; EPA-LPC, EPA containing LPC (at sn-1); HPC, hydrogenated PC; HLPC, hydrogenated LPC. cf., Table 1 for detailed abbreviations. Table 2 shows the results of fluorescence quenching of DPH-PL treated erythrocytes by TNBS. This experiment was carried out in order to determine the position of the erythrocyte which DPH-PL had incorporated (cf., Appen dix). Sov PL was used for this assay.
By TNBS treatment, all of the phospholipid classes examined showed 35-50% fluorescence quenching, sugges ting that at least one-quarter of DPH-PL is incorporated adjacent to the cell membrane protein.
Fatty
Acid Composition of Prepared Phospholipids Table 5 shows the fatty acid composition of PS prepared for measuring the fluorescence depolarization of ery throcytes. The sn-2 EPA-PS containing EPA for 41.8% stands for the PS that binds EPA specifically to position sn-2, since this molecular species was prepared by transAbbreviations: sn-2 EPA-PE, EPA containing PE (at sn-2); sn-2 DHA-PE, DHA containing PE (at sn-2); sn-1 EPA-PE, EPA containing PE (at sn-1); Salmon roe PE, naturally occurring PE prepared from chum salmon roe; LPE, lysophosphatidylethanolamine; EPA-LPE, EPA containing LPE (at sn-1); HPE, hydrogenated PE; HLPE, hydrogenated LPE.
cf., Tables I and 2 for detailed abbreviations. Abbreviations: sn-2 EPA-PS, EPA containing PS (at sn-2); sn-2 DHA-PS, DHA containing PS (at sn-2); sn-1 EPA-PS, EPA containing PS (at sn-1); Salmon roe PS, naturally occurring PS prepared from chum salmon roe; LPS, lysophosphatidylserine; EPA-LPS, EPA containing LPS (at sn-1); HPS, hydrogenated PS; HLPS, hydrogenated LPS. c f., Tables 1 and 2 for detailed abbreviations. Fatty acid compositions of the erythrocytes after incubation with PCs are shown in Tables 6 and 7 . In hydrogenated soy PC treated erythrocytes, the difference between the treated and untreated was only after the decimal point for all fatty acids. In DHA-PC treated erythrocytes, DHA increased from 6.4% to 7.5%, while in EPA-PC treated erythrocytes, EPA increased from 0.9% to 2.0%. There was a small but significant increase in unsaturated fatty acids except arachidonic acid in salmon roe PC treated erythrocytes. The reason why all of these increases in unsaturated fatty acids were relatively small might be due to the homeostasis of cell membranes. However, these small but significant changes are considered to affect the fluidity of cell membranes.
Comparison of Degree of Polarization for Various Phospholipid Treatments
According to Eq. (1), the cell membrane fluidity and the polarization are related as follows: when the fluidity of the cell membrane increases, DPH which is the fluorescent probe It is well known that PE and PS are rich in the inner layer of the cell membrane. From the results of the TNBS quenching method (vide supra), we can conclude that HUFA-PE and HUFA-PS are easily incorporated in the inner layer of the cell membrane, probably by flipflop, and increase the fluidity of PE and PS in the inner layer of the cell membrane. 
